The effect of humidity on friction properties of carbon nitride (CNx) in nitrogen (N 2 ) atmosphere were investigated by using a ball-on-disk tribo-tester in atmospheres with controlled humidity and oxygen concentration. It was concluded that friction coefficient in the combination of CNx/CNx and Si 3 N 4 /CNx in N 2 gas atmosphere were reduced from the order of 0.1 to 0.01 by decreasing of humidity from 40 %RH to 0 %RH when the O 2 concentration is kept below 100 ppm.
INTRODUCTION
It is reported by many researchers recently that the lubricious thin hard coatings show ultra low friction coefficient in the order of 0.001 under specific environmental conditions [1] [2] [3] [4] [5] .
In case of CNx coatings, it has been found that low friction coefficient in the order of 0.01 or less is provided in sliding against silicon nitride under nitrogen gas environment [6] . Further it becomes clear that such low friction is easily achieved by using nitrogen gas blowing to the contact interface with the CNx coated on structural material such as ceramics [7, 8] .
The N 2 lubrication with CNx coating is, therefore, promising as a new type of lubrication for tribological contacts in small and precise machines such as MEMS, in which conventional lubrication method with liquid, solid and gas can not work due to meniscus force, wear particles and structural problems.
In this paper, to introduce into practice a new technology of N 2 lubrication for low friction coefficient in the order of 0.01, the effect of humidity on friction in N 2 gas atmosphere is clarified.
EXPERIMENTAL PROCEDURE Experimental apparatus
Friction properties of CNx was investigated using ball-ondisk tribo-tester under various atmospheric conditions where nitrogen / oxygen content and humidity were well controlled by using vacuum pump and gas supply system. Amorphous carbon nitride (CNx) coatings are deposited on silicon nitride (Si 3 N 4 ) ball and disk by Ion Beam Assisted Evaporation Deposition (IBAD) that consist of dynamic mixing of electron beam vapor deposition and nitrogen ion implantation.
EXPERIMENTAL RESULTS
Effect of storage humidity of the specimen on friction properties of CNx coating in N 2 gas atmosphere Figure 1 shows effect of storage humidity of the CNx coating on friction properties in N 2 gas atmosphere. It shows that to guarantee low and stable friction coefficient in sliding of CNx/CNx in N 2 atmosphere, specimen must not be exposed to humidity higher than 20 %RH. Figure 4 shows effect of humidity on friction coefficient in N 2 gas atmosphere.
In the case of CNx/CNx sliding, the lowest friction coefficient of 0.010 is observed on the condition of N 2 atmosphere under relative humidity of 2 %RH or less and O 2 concentration of 100 ppm. When the O 2 concentration is kept below 100 ppm, friction coefficient in N 2 gas atmosphere proportionally changes from 0.01 to 0.1 to relative humidity in the range of approximately 0 to 60 %RH.
In the case of Si 3 N 4 /CNx sliding, the lowest friction coefficient of 0.014 is observed on the condition of N 2 atmosphere under relative humidity of 2 %RH or less and O 2 concentration of 100 ppm. When the O 2 concentration is kept below 100 ppm, friction coefficient in N 2 gas atmosphere increases with increase of relative humidity in the range of approximately 0 to 60 %RH. Proportion of friction coefficient to relative humidity in Si 3 N 4 /CNx sliding is more than that in CNx/CNx. In addition, sudden rise of friction coefficient occurs over 5 %RH due to agglomerated wear particles generated mainly by oxidation at the contact interface, and totally unstable friction properties is observed over 30 %RH.
CONCLUSIONS (1) Friction coefficient between CNx coatings in N 2 gas
atmosphere is reduced from the order of 0.1 to 0.01 by decreasing of humidity from 40 %RH to 0 %RH when the O 2 concentration is kept below 100 ppm . 
